Glucose stimulates insulin synthesis in isolated Islets of Langerhans of the pancreas (1-5). Evidence has been presented that the glucose effect occurs at both the transcriptional and post-transcriptional levels during a 2-hr incubation in vitro (1). To further define these processes, it became necessary to separate polyribosomes from pancreatic islets. Since the aggregate weight of islets isolated from the pancreas of a rat by collagenase digestion is of the order of a milligram (1), the usual procedures for isolating polyribosomes were not adequate. Furthermore, polyribosomes are very susceptible to breakdown during isolation; the problem was further compounded by the presence of significant ribonuclease activity in preparations of isolated islets. Islet RNA extracted in the presence of phenol, heparin, and bentonite consistently yielded degraded material. These difficulties have been overcome by a modification of the technique of Scherr and Uhr (6) for the study of immunoglobulin synthesis by myeloma cells. The procedure is based on the use of liver polyribosomes as a carrier for isolation of labeled polysomes from small quantities of tissue. Liver was used as the polysome donor because of the presence of a potent ribonuclease inhibitor in liver cytosol, and the ease with which sufficient quantities of intact liver polysomes could be isolated for use as a carrier to provide readily visible pellets on centrifugation. With this technique, intact polysomes have been isolated from as little as 25 islets, representing less than 250 ,ug of tissue.
Glucose stimulates insulin synthesis in isolated Islets of Langerhans of the pancreas (1) (2) (3) (4) (5) . Evidence has been presented that the glucose effect occurs at both the transcriptional and post-transcriptional levels during a 2-hr incubation in vitro (1) . To further define these processes, it became necessary to separate polyribosomes from pancreatic islets. Since the aggregate weight of islets isolated from the pancreas of a rat by collagenase digestion is of the order of a milligram (1), the usual procedures for isolating polyribosomes were not adequate. Furthermore, polyribosomes are very susceptible to breakdown during isolation; the problem was further compounded by the presence of significant ribonuclease activity in preparations of isolated islets. Islet RNA extracted in the presence of phenol, heparin, and bentonite consistently yielded degraded material. These difficulties have been overcome by a modification of the technique of Scherr and Uhr (6) for the study of immunoglobulin synthesis by myeloma cells. The procedure is based on the use of liver polyribosomes as a carrier for isolation of labeled polysomes from small quantities of tissue. Liver was used as the polysome donor because of the presence of a potent ribonuclease inhibitor in liver cytosol, and the ease with which sufficient quantities of intact liver polysomes could be isolated for use as a carrier to provide readily visible pellets on centrifugation. With this technique, intact polysomes have been isolated from as little as 25 islets, representing less than 250 ,ug of tissue.
MATERIALS AND METHODS
Islets of Langerhan were isolated from pancreases of adult Sprague-Dawley rats (300-450 g) that were allowed free access to Purina Chow diet. The islets were prepared by collagenase digestion of pancreatic tissue, as described by Lacy and Kostianovsky (7) . ['H]Leucine (55 Ci/mmol) was obtained from New England Nuclear Corp., Boston, Mass.; puromycin from Nutritional Biochem; sodium deoxycholate and bovine insulin from Sigma. All other chemicals were reagent grade from Fisher.
Preparation of Polyribosomes. Isolated rat islets (30-100) were incubated in 500 Ml of Krebs-Ringer bicarbonate buffer (pH 7.4), continually gassed with 95% 02-5% C02, at 37°C for 45 min, then pulsed with [H H]leucine as indicated. All further procedures were performed at 0-40C. The islets were quickly mixed with 4 ml of liver post-mitochondrial supernatant fraction that was prepared immediately before use according to the method of Blobel and Potter (8, 9) . The islets were homogenized in a Dounce homogenizer with 15 strokes of the tight-fitting (B) pestle and centrifuged at 17,000 X g for 10 min. The supernate was mixed with fresh 10% sodium, deoxycholate, to a final concentration of 1%, in order to release membrane-bound polysomes, then layered over a 2-layer discontinuous sucrose gradient containing ribonuclease inhibitor; polysomes were pelleted as described by Blobel and Potter (8) . The polysome pellets were either digested in Soluene (1 ml) and counted in Instagel (5 ml), or analyzed on sucrose gradients as described below. Where indicated, polysomes were separated into membrane-bound and free polysomes by the procedure of Scherr and Uhr (6), as outlined in Fig. 1 (8) , layered over a 12-ml linear 10-40% sucrose-TKM gradient, and centrifuged for 90 min at 25,000 rpm in a Beckman model L ultracentrifuge (SW-36 rotor, stopped without braking). The gradients were then aspirated from the top with a Buchler Auto-Densiflow, pumped through a Gilford spectrophotometer (2-mm cell) recording at 260 nm, and collected into a fraction collector. Fractions were mixed with an equal volume of cold 10% trichloroacetic acid; the precipitates were collected by centrifugation, washed with 5% trichloroacetic acid, with ethanol-ether 2:1, digested in Soluene (1 ml), and counted in Instagel (5 ml) on a Packard liquid scintillation counter at 30% efficiency.
Sephadex Chromatography. Subcellular fractions of islets of Langerhan were extracted with acid-alcohol; insulin was partially purified by the procedure of Davoren (10) through the ethanol-ether precipitation step; 1 mg of bovine insulin per 10 ml was added as carrier. The partially purified insulin (Fig. 4) showed label sedimenting predominantly with the polysomes, whereas the islet polysomes that were incubated with puromycin contained less than 10% of the control radioactivity, and virtually all of the label was absent from the polysome region, indicating that puromycin had stripped nascent chains from islet polysomes. In several mammalian cells, secretory proteins have been shown to be synthesized on membrane-bound polysomes and to be released into the cisternae of the endoplasmic reticulum. Nonsecretory proteins, on the other hand, may be synthesized on free polysomes (not attached to membranes) and then released directly into cell cytosol (6, 11, (26) (27) polysomes or membrane-bound polysomes ruptured by the homogenization process. Proteins synthesized on membranebound polysomes and released into the cisternae of the endoplasmic reticulum (postribosomal supernatnant) comprised about two-thirds of the total radioactivity. Next, the nascent peptides of the bound and free polysomes were analyzed by immunoprecipitation with antiserum to insulin and by Sephadex chromatography, but we were unable to identify nascent proinsulin by these means. We therefore analyzed the completed chains in the postmicrosomal supernatant and postribosomal supernatant. These fractions were enriched for proinsulin, and chromatographed on Sephadex G-50 as seen in Fig 7. Radioactivity was recovered in two peaks for both preparations. The first peak of radioactivity coincided with the void volume (VO); the second peak was identified as radioactive proinsulin-its volume of distribution relative to the void volume (V/V0) was 1.38 for the postmicrosomal supernatant preparation and 1.36 for the postribosomal supernatant materials, compared to bovine proinsulin (V/Vo = 1.44) and labeled rat proinsulin (V/V0 = 1.38). These studies indicate that at least 85% of the proinsulin synthesized during the 15-min incubation is synthesized on membrane-bound polysomes and released to the cisternae of the endoplasmic reticulum.
DISCUSSION
Modification of a method has been described that permits the separation of free and membrane-bound polysomes from as little as 25 isolated rat islets. Since only microgram quantities of RNA are obtained from the few milligrams of islet tissue that can be feasibly isolated from 2-3 rats, islet polysomes are identified by labeling nascent peptides with ['HJamino acids. The kinetics of labeling of nascent peptides on islet polysomes during short pulses with ['H Ileucine follows the same pattern observed in other mammalian systems (13, 14) . Longer incubations with [3Hlamino acid would predictably label ribosomal proteins (15) , as well as nascent peptide. We have observed that 15-min pulses with [PH]leucine yield label in polysomes that cannot be stripped by subsequent puromycin treatment (Permutt and Kipnis, unpublished) . Evidence that [III Ileucine is incorporated into nascent peptide on islet polysomes, rather than nonspecifically bound to carrier liver polysomes, includes (a) islets mixed with ['H leucine and immediately homogenized contained about 10% of the radioactivity of the islets that were incubated 10 min (Fig. 5) , (b) the labeled amino acid is preferentially associated with polysomes rather than monosomes (Fig. 3) , and (c) puromycin removed 90% of the polysome-associated radioactivity (Fig. 4 ).
An increase of the glucose concentration in the medium from 2.8 to 15.5 mM over 45 min nearly doubled the polyribosome activity. This correlates well with the observed doubling of total islet protein synthesis in medium with high glucose content (1). Nutritional effects on mammalian protein synthesis have been reported to occur at several control points (16) (17) (18) (19) . Van Venrooij et al. (20) Fig. 1 . Aliquots of the fraction were precipitated with C1hCCOOH and counted as described in Methods.
The effect of glucose on islet protein synthesis is specific for insulin, for when islets were incubated in a medium with low glucose concentration (2.8 mM) for 90 mill, about 6% of the newly synthesized protein was proinsulin and insulin, whereas an increase of the glucose concentration in the medium to 15.5 mM increased the proportion of proinsuliii and insulin to 22% (1) . In the present studies, the effect of glucose on the distribution of [PH] leucine in nascent peptides of islet polysomes indicated a preferential stimulation of peptides synthesized on trisomes and larger polysome aggregates. If we assume that rat proinsulin mRNA is monocistronic and has only three nucleotides coding for each of the 80-84 amino acids in proinsulin (22) , it should have about 250 nucleotides and should be able to accommodate at most three ribosomes (21, 22) . It is interesting to note that islets incubated in 2.8 m.M glucose for 45 min synthesize about 7% of their nascent peptides on trisomes (Fig. 6 ). Islets incubated in 15.5 mM glucose for 45 min, on the other hand, synthesized about 12% of their nascent peptide on trisomes.
Fractionation of islets incubated for 15 nmim il [311 ]leuciie revealed that over two-thirds of islet protein synthesis occurred on membrane-bound polysomes. It is estimated that at least 85% of the proinsulin synthesized by the islet is synthesized on membrane-bound polysomes. This agrees closely with the estimates of Kemmler and Steiner (29) , who found that 82% of the proinsulin in rat islets associated with cytoplasmic membrane particles. At the present time, it is impossible to say whether the proinsulin recovered in the cell cytosol represents protein that is actually synthesized on free polysomes or that is simply released from broken cytoplasmic membrane particles. Lisowska-Bernstein et al. (27) have demonstrated the synthesis of immunoglobulins on free polysomes. In the unstimulated state, about 5-10% of the insulin released by islets is in the form of proinsulin (28) . Since conversion of proinsulin to insulin occurs in cytoplasmic-membrane particles (29) , it is possible that the proinsulin that is released from the beta cell is primarily that which is synthesized on free polysomes.
